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A act 

In the slightly over tmelve years since its 
inception, computer-based instruction (CBH has shown the pro^se of 
being more cost-effective than traditional instruction for certain 
educational applications. Pilot erperiments are underway to evaluate 
various CBI systems. Should these tests prove successful, a major 
problem confronting advocates of large-scale CBI utilization is the 
conflict between the organization of traditional school systems and 
optimal methods of utilizing CBI. Large-scale and intensive 
utilization is the key to low per-pupil costs. Some means of low-cost 
telecommunications must be found if rural communities and sparsely 
populated regions are to benefit. Communication satellites seen to 
hold distinct advantages over existing commercial telephone 
communications for linking remote terminal 

computer where computer-cluster separation is 150-200 miles or 
greater. This memorandum includes a dii^ussion of the larger 
involved in CBI and a summary of experiments and costs of a variety 
of CBI experiments and approaches. (luthor/JY) 
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SUMMARY 



Application of to^vide essential backgroond 

This memorandum has frRlV its status, cost- 

information on rea ui remen ts . In this latter 

effectiveness and tel ecommuni ca ^ P . telecommunica- 

regard, particular attention is given to the roie or 

tions, systems and in extending CBI 

servilL'to ruMl! small Ld Isss-affluent communities and schools. 

In slightly over twelve 

promise of being more Pi lot*" experiments are underway to 

certain educational applications. Pilot expen successful, a 

evaluate various CBI systems. Should these tests prove 

major problem confronting advocates of _.i school 

is'?he'conflict between the organization 

system and optimal "'®thods of ut evolved and presents 

This memorandum discusses the 1 a g waHetv of CBI experiments 

a summary of experiments and costs of a variety or cox e p 

and approaches. 

costri;^“mirs‘‘or^-rosy^ 

rural communities and ^P^|f^®J^y,5^2iqtinct advantages over existing com^ 
nication satellites seem to hold adv^tages o^.^^ 

mercial telephone is 150-200 

with a central computer where computer clu P 

miles or greater. 
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COMPUTER-BASED INSTRUCTION: 

A BACKGROUND PAPER ON ITS STATUS. COST/EFFECTIVENESS 
AND TELECOMMUNICATIONS REQUIREMENTS 



1. INTRODUCTION 

The role of computers as an active element in the ’"^ttuctional 
has been under investigation for^^re rf'machi^"4ching 



to advance rapidly from year 



could be traced to the pioneering work of S. L. Pre 
B F Skinner’s refinement of programmed learning 



_ma 

seyHl in 1926 
i during the 



and 



1 stter 



to 

1950's 



peip'Jfwit^ compTter background as well as. broad ““Jlook to 

^Arc?rSinri?rre°^^rt^rp:Jlis;rdlS;py[3l^ ^reafcr Tvelop.. 

nrnipcts of all sizes and levels are being conducoed on 

Jeni and actual us^e^ofeinteractivet^o^ 

having 'contributed or contributing heavily to the growth of computer- 
based instruction (CBI). 

lal The rich and intriguing potential for meeting at 

^ ^ trough i^s lea^ne?- centered nature - the need being the individu- 
alization of instruction. 

irecrffc^^?y!"ihrirtrorurtron^r/t?:2-i^=ai^^^^ 

60's. 



(c) 



The increasing aid to education by the Federal Government. In parti- 
cular the National Science Foundation, Bureau of Research of the 

Office of Education, and various A5l''Sf''l965 

into being under the Elementary and Secondar^y Educai.ion Ac. or 
have contributed significantly to the growth of CBI. As of October 
23 1968, the Bureau of Research (OE) had invested $ 35.57 

in*comDUter related projects with a substantial portion of i g 9 
to CBI/CAI/CMI projects L4 j. Research agencies connected with the 
S^parti^ni of ok?e^ce. such as Advanced 

(ARPA), Joint Services Electronics Program, Office o^ Naval 
etc. have also invested substantial sums of money into CBI/CMI 

projects. 



*This is one of a series of memoranda on veducational 
O-eeds Thl authors wish to thank Mrs. Emily Pearce for 



tel ecommuni cati ons 
the very skillful 



ERjcVPing of the manuscript. 
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2. CBl vs CAI vs^ CMI etc. 

Before proceeding further with discussions related to Acti ve*^ teach - 

computer, some clarification about the terminology is /pni) 

ing by computer is = SS-8«e^^ (CBI). Compu- 

Computer-Managed Ins,,ruction (CMI) , Co^ute B Teaching (CAT). Although, 
ter-Assisted Learning (CAL), or Computer Ass , . underlying idea persists 

rAI is thG most populdr snd coiumon narriG usGdj & ^ 5 4. -a ahoi- hni"h 

beran*d^rtSd2-in*??nducrt?o^T 

man-machine relationship in which L between^them with the objective 

£°erg^h.:mirreS;nIrg-rd on . the only humans in 

the system are the 1 earners L5J. 

The mere presence of a J 

^cS^L^t -ua?^y^rnrt^fc^t ir:si^d\r?].s!°compu- 

sH^siStrsiu^hji^s^ 

problem solutions, this would be CAT. m the inst should be 

felfrve3"?irthosr?aniculr^^^ s"tliati3ns which ^a^compu ter contains 

?hf studenrin?n’a''pre^r;?Erd f/vlfr; rfflci^; ?s’reached[5l 

Here it should be noted carefully that CAI is not sy"OW'!°i;= 
instruction (PI) as some may »’"!<. It is true t^Htet H^utSally 

software was merely a translation of /student i^ by 

programmed to calculate unique responses to y QQ, r>nno<;pd to PI it is 
Siting use of the algorithms stored 

not necessary for the ^"ri^lK^^tsSrrs “Stld i machine. 

Donses so as to compare them with correct answers su cnpcified 

PI is unable to cope with teacMng |trategies ^^P^lsable.’^In the PLATO system 
(5S?SSrsnrS?'n 1 i noi s . Urbana) . .te^Bing strategies whi^^ bli ng 

rrirtiiiafuS'sLS^^^ 

and iGvels of i nforma^ionL J. 

Another application that is <i«ysl»P’"yPPy 

5?trnirieIcte;SSS:SStrtSrL'’rnSSrukloS. The Phras^ ••Computer-Managed Instruc- 
tion" (CMI) has been used to describe such sy» terns L J. 

The purpose of a CMI P^ftem is to provide diagnosti^ Slktir inllturtlSIll 
dSSuSoSS '"tSr’SSSll!^irfS-r™I« dPta can be used for deciding how to alter 

ISSuriiSdeSts’!rn“SSse*Sf1SSSt/S5:^ft^2" 

to prescribe individual instruction activities, ■jnci-v'iirf -inn in anv 

Srthi? s^ri^StifeTtSSeSi is^hSsrt-oS^sstrsiiiSniribTi^^^^^^ ?i:^ere 



*The terms Computer-Based Instruction (CBI) and Computer-Assisted Instruction 

E ol‘Iit^en rerTn^d lllltellfaf IlirirrpItrrl^irrnirruSon ?han that 
E^^veyed by the term CAI. 
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is no reason why a computer S?"s5s?ercompuLrLrnorb; 

tional management facilities ?,.^^‘j 3 gcause the student is not needed 

on-line and not have time-sharing capability oe« tne si 

to be on-line with the computer. Thus the CMI |ysjem c being used for CMI 
used for CAI as opposed to the Possibmti o ^ LAl sysie 
purposes. In fact, CAI software may include CMI ob.-_ct.ves. 

Sllbemant?] points out that CHI , unlike J,^ft,3fJS"cons?dl?ably"l?sr 

re“aSVr^iyt“ara! ^ 

introduction. CMI could be an interim step jowards CA . 

It is not very Ijkely that alj schools will ^e^owning^their^ 
ment in the near-future. In ru.al areas, either remote-batch process- 

f„ror“«mSaHng^fo5l™be"Sfed other administrative data 

processing. 

Before looking Into the P0“ib1e of 

arii’temfof utVIlSn. cost and technology. 

ftlthough CAI has served “O” ® ''“®5t.|Ja|e?A9l7saveS°thousan^ 

B?^rerc§5 "rLerai^nrovr lu 

fch^ofufclr^rtfrs^id lUjr^^tyrt n. 

private schools now have at least “I capabil|ty^.nr ^g^^ 

ie%'prrce«rd-di?ly1n'1p7%V^^oL^^^^ 

s"sS ?rtU 

rSatten! l™™^rd^rooki;. 

^f^r'’?j^srrCila;"ed“ra;^T.“"th;^s‘^e%V^’ci?1I^:;i^^ f,?t“eSs 1 ve and tends to 
cluster around research centers. 

Tables 1 and 2 present a au™aty “f well-kn™n^OT 
• universities directed towards V cent»»rs. CAI activities 

rd%fCr??^lirre?runrcrrtl?S ;°erercri^:trtut1ons on East and West 
coasts and the mid-west. 

According to a iho^vIpr^questioned^indU that 

?lrs‘roor?ylSt^^e;uS?^rc f ache. 

1‘S^^L^rrSe:^! -afaSnSr^ Indicated a/greater use 
of computers for instruction than did rural ones. 

Mohave been made show either superiority or at least equal. ty p. computer y 
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Figure 1. Location and Distribu t ion of Major CAI cente rs 
(Based on Ref. 36) 




assisted instruction when compared to conventional methods In 
New York City schools where CAI was designed to complement and support the 
instruction provided by the teacher, CAI students earned higher gains in 
most grades with significance differences found in grades 2-3. For evalua- 
tion purposes the Metropolitan Achievement Test (MAT) was chosen as it is 
used extensively by the New York City Board of Education. Higher achieve- 
ments were noted in spite of the fact that CAI drills were not correlated 
with the regular curriculumLlOJ. Diebold cites another interesting example 
from IBM research 1-58], course on data processing, student comple- 

tion-time averaged 22.5 hours as against 30 hours under the classroom 
lecture method, and the students learning with CAI did 5 per cent better on 
the final examination than the conventionally trained control group. 

A reportf^^] of the Commission on Education of the National Academy of 
Engineering (NAE) concerned with CAI and ITV in higher education notes that 
due to the limitations imposed by the present state-of-the-art, the most 
successful educational programs (based on CAI) are those with highlystructured 
or introductory materials. Grayson, a member of the NAE's Commission on 
Education's Instructional Technology Committee notes in a separate papert^^J 
that it appears that tutorial programs will be best introduced to instruct 
in basic courses which have large enrollments and very stable curricula, 
such as f reashman English, introductory language courses, and in science 
areas, such as biology, physics and chemistry. The NEA survey!.9J of ele- 
mentary and secondary school teachers points out that mathematics was by 
far the subject most frequency mentioned by teachers having knowledge of 
CAI in their schools systems. Other subjects listed in which computers are 
used were English, Business Administration, foreign language, science and 
social studies. 

There is little in formation available regarding student attitudes towards 
CAI. The NAE studyLlS] reports student responses ranging from those enthusiasts 
who became intrigued with the computer association to those who feel quite nega- 
tively towards it because of the alleged dehumanizing effect. However, it 
is doubtful if these attitudes have any significant effect on student learn- 
ing, once the mode of instruction is specified. WeinerL'O] has pointed out in 
his evaluation of the New York City CAI program that childern enjoyed working 
on computers, were very enthusiastic and highly motivated to do well. This 
was particularly true of childern of average ability. Some slower childern 
tended to do a great deal of guessing and appeared to be playing games rather 
than practicing the skills needed to do their class work. 

As far as non-academic effects of CAI are concerned, Feldman and Sears [17] 
exploratory study suggests that CAI critics may have some justification for 
suggesting that CAI leads to more sedentary, constricted behaviour. On the 
other hand, claims that CAI individualizes instruction have also been given 
support in Feldman and Sears study[^7]j with the finding that correlations 
between behaviour and achievement are less in the subject in which CAI instruc- 
tion Vi'as given. If it is true that CAI renders achievement less dependent on the 
classroom behaviour patterns traditionally expected in an academic setting, its 
contribution to education may indeed be an important one. There remains much 
work to be done on the psychological aspects of CAI. 

It has been pointed out, perhaps correctly, that both the idea of tailoring 
instruction to fit the specific needs of each individual student and the orga- 
nization of the conventional time-sharing systems tend to isolate students from 
needed interaction with other people - interactions that are important from 
the point of socialization as well as achievements. Undoubtedly, there are ( 
cnnua -i-imoc cnmo tnni rc anrl cnmp Qtiiripnts that, rpnuirp isolation but there 
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are also times, courses and students that need interaction. There is no 
reason why future CAI systems, that Penjjit and even Bryant^O] 

interaction models etc. 

As far ac university faculty members are concerned, the NAE studyH^^ 
and department heads who are aware of the long-term advantages of 



o 
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3. ECQNOHICS and cost/effectivenes s of CAI: FACTS AND ISSUEj. 

As the NAE report^^^^ puts it, a serious obstacle to the introduction and 
use of CAI is the uncertanity associated with.its financial ^ 

its cost has to be comparable to that of TAI assuming both are equ y 
effective. Otherwise replacement is unwarranted. 

Kopstein and Se1del[19.2«] studied the economic CAI as compared 

with traditionally fo^ TAI and not 

assumptions underlying it. » equally effective, 

an add-on system, and second, that both CAl ana imi are smug i j 

Thp author is of the opinion that both these assumptions are valid o . 

substitute for teachers in courses suited to ^ ^ of 
reouired for the reasons of discipline and assisting student ^ own-iort 

^J?u1dM\^t^"cAI o^peratlon 

for evaluation purposes. 

Another thing that should be noted is that in industry, if a CAI course 
re5uceS the training period substantially, a cost !«ing can >e real,« 

But the same thing does not hold good in the 9 |^„ P year's 

education system In this country. Even, if a student finishes a no™i year 
course in less than a year's time, he Is not elevated to the next 9 cade 
Immediately and has to^walt till the beginning of next 

w™1t1ng time, the typical administrator has to provide additional course wwx 
?or tMs Uudent which results In Increased costs « JPf f IJe 

sMhJ 52 s^tro/rhrt?;dM rcLn^tifen’ihi ssfoS irthe 

child Is five orrSiX until the individual is deemed +he streets" 

rSlponsib111tiesC«l The school is expected ^^P 
durino the vears of compulsory education. The fa^t that CAI courses wou 
St r!a^in?of tL will Jiot necessaHly result In a cost ^^ing under the 
Kming schoSl structure. It Is extremely doubtful that the consequences will 
be as GerardL^^J describes it: 
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The cost of computerizing the whole education, br nging 

resources - all for very rich 

handeable form, building the nec ^ P . ^ fairly high levels, 

Socratic tutorial interaction with sfudents at tairiy nig 

would be paid for in very few years L J. 

Seidel has come out very ^®o5^th/co^^ th^appli cation 

the developments offered by the innovation^ the computer n 

of psychology ?f 'f|S]’b9 'ft^rif for IcSeJeLnt of the student and the 

is not appropriatelZ^J. The criteria tor a^ 

concept of the utility of ^ .. rhanoes, unfortunately or 

advantage of these .^u- educational system bound by 

fortunately, can not take Place , teacher the traditional school 

the traditional cl ass -room,, the traditional t^ 

day and the traditional th conceptual frame-work of educa- 

What is needed today is revolution J education in a 

tion. We have to get away from the received i^aeas^ 

similar fashion in which Hutchm P laboured under the concept of 

“received idea" of an economyLZbJ ^ have long laoou ^ j a„<j p^pg- 

the class-room as the bench-mark frM which education^ unquestioned the 

re^tra^ Siliy^ont/^Sr hl-cU^rol teacher as the primary instructional 

agent and tutor . 

But is '' man' ' the best instructional the teaching 

element out of certain portions jJJ^^nstruction? What would be the sociological, 
of skills, without dehumanizing the instructions wnai: 

political and other repercussions of this act. 

AndersonC60] ,as suggested separating the^te^^^^^^ 
development aspects education. Thip resources for the 

use of the technology for the ^or e possible or desirable remains 

latter. Whether in fact, such a separatio s poss^o 

to be evaluated. In the case of CBI, then is reason effective, 

teaching of skills can be However, it 

Much of the same argument holds fo Joaiinn with an inhere'^tly more 

should be realized that with “. we are de^l^^g^ ^tb student 

powerful tool in the sense that CB . . fashion of being more effective 

Ld has already demonstrates, in a 1^ 

than traditionally ^ carefully evaluated in terms 

cularly .J'Jf cf.-f"? before widespread deployment is contem- 

of their total impact on tns 

pi ateci 

, 9 , ;s“s 

\L^ 



was really helpful to me in a f^ the pattern that the 

I raised difficult questions or it I^deviated f;®’" viewed 

tparhpr thniinht tho class should be following at the time. 
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with aUnn-I was consideredan uncooperative, unparticipatlng meaiber of 
the class'.'U'tl 

Whether CM/CBI is used as a substitute school 

a particular course or courses, pa y.. previous paragraphs, we 

structure is basically incompatible w^th is^able to manage 

discussed some of the proceed through the system in their 

divergence, how can we let the P.. p *up school system is needed 

own pLe? A >nore or less comutfr^^ I active eleaient 

if it were to reap the complete be n-^ classroom, promotion to 

in the learning process. The units of courses, etc. would have 

higher classes only once a year, year long units^^T ^.g^y-ganization of 

to be revised. Many authors have p j « satisfactory replacement 

the school systea, but no one h« yet offend a 

model. The model has to be This^is certainly an area where some 

face of the massive f®sistance forces. This is certaimy^^^ systematic 

thinking is of tech^ i" tomorrow's education sysUm^^g^ 

planning for efrective nrniect on "Desiqninq Education for Future 

Something similar to the ®^?bt-state P™ "^ly „^e discussions on 

but on a broader and more would leave with 

this toDic in this memorandum are beyond its scop 

our educators, economists and system designers to ponder. 

All this has been said to »“j„ction of'a p^rful'^i'nnLation 

of the deeper issues inherent "^™tef and Sitfalls that exist in 

;K^?r*e:afuaSrn?"cLlir?hfpotenti ajl fo^^r^^^^^ 

Now reverting back to the o„3^beiig equally effective^ 

assumption of CAI totally A^bstituting for TAI^^ being 

KopsteinLl9>20j concluded that unless C -.pnipcement of TAI by CAI does not 
less costly than its present (1967) ^°st, P ' Koostei nil 9,^0] also 

seem warranted j." Advantage over TAI for certain professional 
concluded that CAI seems to 'e etc. 

and higher instruction, e.g. engineering, medicine, etc. 

Kopstein's [1^,20] base for the CAI 

with a computer processor ^ twenty- two days a month, this accounted 

system. For six hours of use ®^ery y month, i.e. $3.63 per 

for 4,224 hours of basic f i calculated that if a 

student hour in hardware costs ^-g^^ed (say 448), the CAL costs could 

stS"hour Ind thus make the CAI a great deal more 

attract-ve. 

At this point, one can take an tbeHAI^mSe in^an^average^cl ass- 

setup would 08 an ideal model for P terminals to have their own exclusive 
room, but it is not necessary for the 32 . * chared type operation 

data storage, processor and f a t^tal of $14,000) 

would save a significant . .:_g gf g,, increase in communication 

rts!1;^f^rcopc; 3 

Rlc'ratoo^l) rd'"frdiirted"raUTite.ystem^^ -te offerings by a 

^comnercial satellite operator may offer cost savings. ^ . 
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I„ ,968, carte, and Walker^n est1.ated^the^costs^ot^Co^^^ 

Instruction (CAI). The calculation < . Tutorial mode- They con- 

two CAI modes:(l) Dr111-and-practice rnode, and U) , processing unit 

eluded that a drill-and-practice niode tai t arouno a available at 

serving ' -^OO 1^,000 student system, they concluded 
an annual rental of would cost $27 million annually 

that a CAI system for dnl<-and p software rental and limited 

($20 million for hardware '^ftal, $765,000 tor sotcw^ ^ 

production, and ' V°"/?LtJSction they concluded that a central 

around the tutorial mode of ^'^struction, tney c 35 tg^-minals could 

processing unit (CPU) serving students da^lyt 9 t^a 

be obtained at an annual rental f ”?”uSood of $30,000 per 

tutorial mode were estimated .n 9 software for drill- 

hour (of software) as “TP?'"f»»'^f*l210°fo? one hour of software was estimated 
and-practice mode. A,g^ntal fee of $210 for one (. v,,, that for 

by Carter f ?A^ sSstel “th tuUrial mode of instruct on 

would costTf^milllon annually ($50 million for hardware rental, $5 millio 

software and $17 million for other services). 

rt;7l -I ^4-^a ac I^nn«;tpinn9,20] did, that unlike 
Carter and Walkert5 ] also noted, as hardware related rather 

television, the oulk real opportunity for substantial 

than lesson software related^-iThe y reducino the number of 

hours the computer is reduction from'^one hour to 15 minutes 

hardware to serve "ote children. A reduction from o^^^ 

per day per student and limitation t'l 5 million for drill-and- 

reduce the costs almost^proportiona^^ ^^^0 student system), 

practice mode and $9 I''' • ' 000 school systems, which represent 
?Se*£:ik‘’rf^the'Son°s pub“c ^08^0, students, were estimated to cost in 
the range $9-24 billion a year. 

It should be noted that Carter relatively^ number 

ff'feS^f (2S S™™aU lirdrn Vand-practice « 

tutorUl mode . They failed to take IV. In addition, 

cost savings offered by large scale „fts that can be achieved 

they failed to foresee the dramatic terminals both during normal school 

through the intensive use of computer terminal . botn p.^p.^es, 

hours and after school The CAI compute couio^ business 

such as administrative data processing^ require limited time-shared 

data processing for neighborhood ^^^i nesses wnicn req 

computer services. After normal .schoo hours th ^^.,p 

adult-education or for continuing „%,y.ng pumber of users and increased 
in dispersing the hardware costs over a g ^ Carter and Walker 

hours. AlfP,,as DieboldC58] points out. more th^ 
estimatestSn could be attributed to 

reftl have^efn Sfcftning ra?L steadily due to advances in the technology. 

There is no reason why CAI system c™P“ter for'*CAI is the same . 

purposes too. After all, i.he j^.|5 question has been addressed 

, S *A^;^rraSdl?ilrr[«r?a«^ rt^f nlfessary 

*reL%fftim Eet^een individual reguests over and above 
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the.statistical/'average" 

avoid long waiting interva s cuhqtantial As an example, in the PLATO 
puter this reserve time "'Py.‘>%5ubstantial. as an p 
IV CBI system, the reserve is desig^d to be ot tne or 

fcc^fs rtJe^^c^Slr "S* «a^d at a re» 

tive data processing (ADP). 

Bitzer and Skarperdasf^B] have made estimates “f “^fo?^a*4, 000- terminal 

city CAI system that they ^*11 Iheir estimate is that 

system having an initial cosu o ^ ’ ---tgiy <o 34 per student contact- 

PLATO IV would achieve a cost factovs such as use of a 

hour. Reduction in cost is ^ased upon severs..^ comparing the 

large time-shared computer, Jns^rs , apd^the use of plasma- 

answers ag ainst a long list ^ ^’^i^mrpanelsf^^^ combine the pro- 

panelst27l in the display a flat structure of 

perties of memory, ration In contrast to the commonly used 

potentially inexpensive fabrication. In ct^^^ continually regen- 

Cathode Ray Tube (CRT) and responds directly to 

erated, the plasma panel Its limitation is that it can only 

the digital signals f^^^ne s“far hlrno capability of display- 

tl7l%ylc^e ^^"“c^rtrnioS; to^fprc?u?es. 

MITRE Corporation has j^pJJcational^Televi^on Sys 

shared Interactive Computer en lOd to 2St per student ter- 

(TICCET) that they claim ®"Jd*be either a Burroughs B-7500 

with full Input/Output complement. 

^Recently the TICCET preject t-f «g,",sr«de;fg!L ^rSrimalf" 

devoted to CAI/CMI, the TICCET system chfinqe in the design philoso- 

enough to be located at ^P ° i*[3l5 original proposal of a highly 

phy has taken place - from Nuthman ^ oni9^^"®'^P^ P g,. other report, 

centralized system to a ^ and^the revised TICCET proposals. 

OhlmanL^^J has compared 5915 co^ very much the same pro- 

His conclusion has ^ 000^ terminals is assumed. The author 

vided a terminat population of 10,000 < was discarded due to organizational 

is of the view that.the origin^ proposal was ^ 

and sales difficulties in a terminal system would 

100 terminal systems. The f boundaries and it is not 

transcend traditional school and s system. As opposed to this, 

difficult to imagine problems to moderate and large 

100-terminal systems no^^^^ the original TICCET system 

sized schools. However, it should . , .pd the revised proposal 

was said to cost 12-37* Pet f ?) tenii inals are used intensively 

mentions 20-37<t per stu^nt y?J”’]'J®t'^.jpa-ls are used normally @100 hour/ 
for @2000 hours/year and 40-73(t if terminals ar« 

' year (6 hours/day, 175-180 days/year). 
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One should also take note the^ central processinq units 

decline with the decline in electronics. Fiaure 

(CPU), memory nast costs^and those that will prevail 

L shows Armer'sL2S] estimates of pas^^^ost^ 

in the future if the rate of fhe linear curves reflect 

vertical axis of the plot loqarithm anpr/oximately 

an order-of-magnitude i^nu^ improvement in effectiveness 

every four years equivalent ^ -f-Q v-pfer only to the capability of 

per Liar of SOS. This is intended flatter curve 

the central processor plus an asso . cost of typewriters (iP" 

fhL the datively -ninor i^^^ cost of^^yp ^ 

tended to «Pi^ 5 ent the mteractiw PPe PCC that both 

altP2j |.,gyg also noted in a SRI stu y p P 25% per year, where 

hardware and softwaire costs standard comnutati on and software 

’josfirpfr'Vhrss?"" SUsonC30] h« a somewhat similar predietTon to 
make: 

"In the next five to ten ^^^ 5 . .^arUhmetU^and lomc^^^ 
^?>^rp=nrf?crtrr»er"U p-ent units 

:^fo rsj! wm .sun fmm 

the use of integrated circuitry. L .. 

Mayne[53] P^dicts a substantial drop^ 

through the advent of Large Scale essentially an emnirical 

nomenon. Though the -X future by extending the trend line is 

issue and a prediction of Mayn^sC 53] studies do provide some 

highly questionable, Armer sL J a y storage costs. We can 

?’ctea abSut the P<>“’'>l\n^“irarr^du?t!onrircA! costs, a ma.ior Portion 
rwh^cru^Lrablf irth‘;'’JardSr. se^^^ of the system, thus 
making it much more attractive economically. 

The total cost of any CAI/CHI system is compriseo of the costs associ- 
ated with Lch of its four major components. 

fll Processing Units and associated memory 
\V) ^S^fnals or Input/Output devices 

(3) Software, and 

(4) Communications. 

I„ highly centralized - -f ^^romi^vUhiliifo?’ 

ISffysff fs“in^?1c ^^y^Sjpendent on 

Section 4). While the cost of computete^and^^^^ steadily, as 

components of the CAI/W. syst h s ^ telephone 

we discussed earlier ir. ' ’^ant over the past decade. L^^-l If 

pears to have been -.y ^he communications cost will become tne 

this trend continues, Zal i zed CAI/CMI systems and perhaps ^ne 

?^iti!l5 tecU°irthrreLction of CAI/CMI service costs for small, 
rural and not-so-affluent schools. 



14 



Cost/Effectiveness 




Figure 2a. F_stimated T rends in Cost-Effectivene ss, (from Ref. 28) 




^ Figure 2b. Combarative M smorv Costs (from Ref. 53) 
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surpHs^ 

microwave technology, coaxial lines. '°"®nsidered. Such 

longTauf sjstels h^rindSd She^'d™estic%atellite 

fnr^lViS^te^^-e^guiSrsJ^vpera. 

p^antfand^tereTs OerriHtle prospect for the significant cost reduction 
here. 

The commercial communication 

analog signals, such as accommodated by improvements which 

re 1 ati ve Iv r-e cen t phen^ bav accommodat^ . ^ . 

were made to be compatible witn ba., y theory, very high 

grade line has a nojtnal bandwidth of 4kH..^ 7an be obtained on so-called 

orders of bit transfer rates, or P. _ 5 ^,- 5 STon rates are severely 

v’ -to^dSa ti"tU lin^fmer! “on uncLitioned telephone lines, line- 

rite is limited to f 00-3600 spldallzel rtal“Sica«r’ 

lUd^’r;"? teSllll nillen^raOilS^ll cost-reductions they will he 

able to offer. [56] 

Current R & D is being ^Odressed to a nu*er^of^p.-ob^em 
CAI systems more economical. Areas ® ^ nrocpdures , pedagogical 

and terminal capability ffage| 

techniques in I'elation to various vL^!' a thorough and well 



computer based system is warranted: 

- means of input and display which permit flexible man-machine 
communication more economically, 

- capability to process and respond to messages written in natural 
language, 

- capability to rapidly evaluate complex mathematical functions, 

- capability to record, analyze and summarize student performance 
data, and 

- 'coKtrirK ronW^ifon ^rr^e^J^fprorrrraramlJe"^^ 

of performance. 

so far we have been ccncej^ed wite P-f^CCEf Sd^UTO- 

investigated some TM^costs? Though hardware cost is the 

IV which compare 11, costeif procSrinq or renting suitable 

rircteS^arprograms can not be i>ore^ 

R|ca;;d'’$ 3 S'. 00 rprr ^^ui^rrhoirdepending upon the mode of operation. 



^ -n ;,nH practice It should be remembered that 

tutorial or dn ll-and-practi ce. anrf its effectiveness very 

the software 1s the heart of the “I has 

much depends upon the qua ^ . effective proqranming. One could 

expressed a need for more and etteCTi ve P a material (for 

safely assume an hour s ^^l-felpllnary teams of psycholoqlsts. 

dri ll-and-practi ce) prepared by nno-.$8 000. If this program 

subject experts f d progra-e,'. to cost 

is developed exclusively ior a scr.oo cnmpthina like $31-50 per 

32 pupils, the software ^°^^.®I°of five years For tutorial type software, 
student hour for a program life gut to the need for economies 

the costs will be even higher. POints out lo CAI 

of scale, i.e.. ^sorting to mass dis^ 

programs. However, mass distribution w . devices and programs, 

arel of the compatibility or Lw instructl w 

Today there Is a multiplicity of \ ® ® . j(,e problem of Incom- 

programs are even w 1 tten in assemb y rpne^for the newly developing 
patibimy is not unique to «!. U is true for ^ ^ situation 

electronic video “^=®!Vp?Snq ® CAI material Is 

Tie jrtifled%rd'°CArsyste^ are to coSpa« favorably with TAI In cost. 

Any further description of the °s primarily concerned 

areas Is beyond the scope of this memoran 

"cM/cS! "c"»P-^Pns 1 ve t'eataents on inte^^ 

^Xr.Tpe?lt^]rinfrrm1lion‘^g^,^pera^ languages, can 

be found in reports by ZinnL'^^J. Hickeyt ana Lexan 

4. f:AI SYSTEM r.ONFIGURATIONS AND TELl iaWQ^II^- 
There are three quite li^nes 

approach. is that °Jt® }°7sinqle location. On^the other extreme would 
dent teminals (5-20) at a capacity computer to 

be a highly centra 1 1 ze^ys^^^^^ or ^ire) of terminals over a 
serve a large number these two extremes, there can be 

broad geographical region. ^ ^ school form a sort of 

a system In which sevPPSl mass storage and 

cluster and these clusters hav clusters are tied to a common 

processors. At the same t«®' 

single processor whose ciu^eroperation is fairly inde- 

by the various P°™^*®‘*bPl“n*®erthelLs^depeKdent upon the har^are 
pendent to some "^®^„V7rocessor. Operation of the 

and sPf^P™^PP"Xded*perrod*of tiom requires availability of. 
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and participation by the central facility.* 

Fiaures 3-5 show the schematics of the three types of CAI systems. 

An eLmole of the totally decentralized type of system would the 

CM Cnd^r oroduction at Computer Curriculum Corporati on (CCC) 

CAI system unaer pi oquct.i un au y terminal system that will 

of Palo Alto, Call form a. [14] It is e.n A the other 

4000 terminals and would have an initial cos $ • . operated 

000-40,000 for CCC type systems. The CAI system operai.eu 

crthe Phifade??hia’school System^'Kelongs to the third category of 

combined central and cluster processing. 

is maintained at the central 

STni?"t;?orL're“"dS^^^ 



*nark and Molnar[54] of the Computer Systems Laboratory of Washington 

•’“^roalast”*fr™^a“entrn “transmitter" simultaneously to any number 
IS "broadcast rrorn a t^enLiai i-- «■ xu- r-xancmitter reoeatsdiy 

.c II uifiirh ray*V*V OLlt COmpUtdtl OPS • iiit! LransniiLLc ? |J - 

bJoaScSte all tHe'info^ationJnJts ?““u°"r^i°"t^ °wer 

communication from broadcast 

?n^^^4trLrer^;^rs^^^fforl^r5 
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“N* INDEPENDENT CLUSTER SYSTEMS 




Figure 3. Decentrali zed CAI System 
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Figure 4. r.nirtiined Cent ral-Cluster Operation 
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^rSfiostTul«Sircat?on%:r’vaH"oSsS^ 

which under the centralized system are shared by a1 , clusters. 

Interactive telecommunications r®''“^^™J^®en“fI?’te™in*?aSrth^ 
CAI/CMI systems are entirely local, i.e., betwe ^aointv Proarams 

rl^rdfsiSbSr;d’^??s^? siT-fp^riq s^^fc tip r fnd 

iEhe case may be. or by wideband 

requirements. CAI/CMI sysnems, ,• _4.^rtn Unkn between the central 
nrocessinq, require wideband communication links between cne uci . 
procei>binyj h rlustGr DrocGSSor dfid iridss stordye. 

processor and mass storage and tr^ i?nkina terminals with 

Local telecommunications requirements I^Tnmolete v 

the cluster processor are the same as ]" jSIml hate alto- 

decentralized systems. Totally ™.|tical aspect of the economic 

and transmitted together. 

Figure 6 shows the System 9°"^’®'i’"®Jg°"o||.|^stance^telecOTm^ 

CAI system and gives a good f ® l“^".'''£“entucky Schools 

that Is involved in a ton trail zed - y .j^anford System, system opera- 

were receiving CAI celllldtvte^ A PDP-8 com- 

tlon was a combined central and cluster proc , Kentucky, 

puter with a 4K (12 bit) memory was used as a cluster p.oce.sor 

speed of incoming data (from P-o/essor to the.i^dividu^ 
be anywhere between 14 b'lts/second nictorial, voice, alphanumeric 

whether the information being , g^stem^like TICCET, it is estimated 

or terminal address. In a nf thp frames transmitted would 

that, during any o'?® an d^90^ percent would be alphanumeric 

be pictorial or voice bits;, ana .ggs (14 bits) under 

( 10,000 bits) in addition to ^^lould be southing like 10 seconds, 

the assumption average frame cha ^ ^ opposed to this, the outgoing 

This adds up to,a 30 g/second.C^^^^ ^ 100-terminal 

data rate is trivial (20 bits/second per cen ^ be easily accommodated on 

setup, it vjould be 2 ki lobi ts/seco ucpH in the PLATO IV system, 

a Data-Phone line if a data concentrator is f/^^.^^In^^e^PLAiu 

the peak data rate from the comp ut . tpvHri’nals the worst case data 

to 1.2 kilobits/second and thus for bi?s/lecond is 

ll«cl|ofe”d1or1r™llnll^g the student keyset Informetlon back to the 
main computer center. [26] 

Extending “I/CMI serviras to is®! J“|;;“Tl^irirtlI!‘’slhTOis/llhlol 
schools Is a very difficult but wporwnt casx. caiy^ 

systems can either have ® completely , . . large and beyond 

tIcCET «tc . or If the school system^^ decentralized 

the capability of \single CAI syscem^ ^ minimize the system cost 

SIS s:;srr, s; .. 

:ric 
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Figure 6. <^t.?mford Univ prsitv CAI Syst^ 
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IBM 1500 system. For Ir^e^^popuritirio'^hat 

which the hardwar*e costs coul 4 -q those in urban and suburban 

CAI costs for rural ai^as "‘^y^i^^rwher^one perhaps can make 

schools with larger student den^ty. fhis is t>ec^use the com- 

a breakthrough by the use of up^o 10.000 miles or so and 

muni cation cost independent of d.st satellite for deliver- 

could be made small by having P j.:™pter antenna headend ($1500-3000). 
ing signals to a low cost and small Administratis and edu- 

Many services, such as Jj^^g^g^ectroni c^browsing etc., sharing the 

cational data. ITV and PTV. re ^ nroblems are foraseen. On 

same terminal. No insurmoun-ab __d,.cted a successful experiment by 
May 18. 1970, Stanford Un.versv.y usually served by a 

Slone llnl S"?^ujlng s1gLl through NASA’s ATS-1 experimental 
satellite. [14. 45] 

Today, when people talh about |^-at1onal/1nstruct1ona^ of 

^?^^^5?s;“rfbut?rn’;??4broadcast^^ 

fr^m the satellite. f“,f°'’jLopard[41] ^arpr^ an instruc- 

comblnation to any Sneat deta . PP United States which allows 

tional communications aa e . , (um) for every twenty five students 

each state to have one in hardware costs alone). Even 

at a cost of $8.08 per studenx p y software and maintenance, 

if one triples this figui'® n^r vear is still quite reasonable 

Sheppard claims that $25 per oer vear A typical expen- 

in fer^s of -PAS^^c He'^nVa^f and fecoSy scho^Ss is $783 

SJ^ron^^^tVx^rd^te^elrafc^uilted ^ 

Krause[43] , in ? docent prepared^or the « 
poration. has dwelled into various W domestic satellite system, 

connection with the transponder satellite to 

which offers five transponder^ nni^tr Lt thafthe large initial costs 
educational users. He ° ^ Sr-student basis when sizable 

of CAI programs lono-distLce telecommunications, 

markets can be assembled Py ^ of course, be assembled by 

Larger markets for a computer Ather compatible computeirs. 

sending the program ?[] ^®P® section! this method of operation often 
As was mentioned in the earlier kw difficulties in 

is complicated by differences be^ee P different computers, 

uniformly incorporating changes | the cost of the program. A 

Such translations or changes also inc^ nrovide 100 hours of instruc- 

program that costs ^^^Tf^that^orogram can be used by 500.000 

tion, averaging $5,000 per *'’“^,?;'”Krause[43] argues, the cost 

students during ite Tf, achieve this size of audience ("500,000) 

per student-hour is only H; ^o K,ng-distance telecommunications 

to make CAI economically viable. in an earlier section on 

have an important rote te PjeV; ,.,--0 instructional technologies have 

costs, CAI/CMI and other co^uter based insw 

a very heavy fixed cost base and the ^onomre^vi a^ population.. In 
critically depends on ^sse y assembly! ng the critical 

^ :2rioSllP.^''irt r;ill"re™t^^ isolated or relatively less 
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affluent communities, this would be ® would°be needed°to 
low-cost, long-distance telecommuni cations suburban 

ines.'foo!^to a fom^onTnf shire d central CAI computer facility. 

The next question that comes up is '{he'^Sr systSns^discus^^ 

(1) AT&T and the Bell system 

(2) specialized common carriers 

(31 the free or reduced rate provisions on the proposed commercial 
niul ti "Purpos6 sat6llitG syst6msj or 

sjsr»%r 

to ITV and computer networking. 

we will leave this question for the Syste^ Slae'’'’“® 

However, some observations could be made at this stage. 

Future telecommunications involved^ 

difficult to estimate due to a number of develop 

forcement or nature of the educational 

Currently we have a study ''"''®^J?2n^rfmnleted it will provide certain 
production function underway. Wnen completed , different 

gl^^de lines for obtaining the same educational 

sets of ingredients that go into mates of the money 

buildings, educational could' estimate the 

ne^r^ optimal oJ^^optimal "tnate^ for educati^on mone- 

rfSnrtSiri^urd J“vl^rSrt^L:1ra?crt: if "any .alistic 
analysis is to be made. 

hiiS f/hSirn irtard 

Jifa!nrh^s Ssrnf *?hah 

handle. However, in this ?hl minimum essen- 

rcJ^%\r;]carapplicrtlonsr;e^ 

pens. Purely typewriter o'" ^eriimit the ranqe of thinqs that 

ot coirmuni eating with ® in spite of the 

could be taught i^ing the rf^the CRT terminal, it seems to be more 

continual replenishment problem of tte CRT «minai, 

appropriate at this time than the providing multi-tone 

ha“idl?ng capability. However, wo^ i^ crotinu.n^ ^ 

pictures on plasma panels and if ^uccessrui, piai» k 
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welcotne substitute f°/ CRTs ibe oetu '“-^lilibVif/second (from the 
terminal could be safely ^^.-ond from the terminal to the 

SS! Cdi^RToS l^e"Sa}^tfc"uirdfsiRn. 

once we Know certain « ti mated pen^tratio^^bounds^of_^ed« 
ranTus^"di«e,^n?“Sdi"4elevision^OT^^^^^ 

l%i un™ fhe'eTa/uation of the suitable transmission 

media and system. 

The basic networking Vnoir-%“d"pSrt-t^ 

could be classified in has.certain 

categories. A single switchboar , _ffp~c certain distinct 

advantages for this of CAI terminals could be 

flexibilities. Gfographica r^arrangemen cluster, as 

handled very easily, --n eluding new the point- to- 

satellite provides a Poi nt- to- are a service Roof- too earth 

poi^i service that is ^"';Pn"to’ thfeen'S cewicer: or an info«ation 
stations can be given access *1." teleconferencing or otner 

-rSoS^r-al^n^fe^^chre? S“r=?a;;^- 1 ^r■b^s]reither using F»1A/™* 
or FDMA/PCM-PSK** mode.. 

However, it should be ®®^®^j 5 s^o^^lies^?n^the^i^ propagation 

satellite link for data transmission lies n ^^ trans- 

time (=0.26 seconds-one way)[44L %2ce6 ^n efficiency by the 

mission error control would be seve y^^ terminals can be designed 
delay in receiving the ’^turn sign • changing the logic of error 

which do give high -transmission ®tficien^, g | . whether or not 

control. The response to the until 0.52 

data message or block was gg-t ^Several blocks may be sent 

seconds or more after the block was sent^ channel is being used. The 
in this half second, even have sufficient storage to retain 

transmitting machine must the^t®^ h®v® ^ transmit 

the blocks until their the fast response that 

f ?pulf "b'le o?Tene«iing in case'of a real-time application. For 
CAI applications, it would be inconsequential. 

A recent paper by f S TefenW^fc' ad«“tw 

lite technology, for He faces the same pro- 

to satellites tor ’'®®®bing the rjra P P have been discussing so 
blem in deriving a ti on on the number and geographi- 

far; that is. absence of exact inf omati on on as v^ell as 

cal distribution of terminals ^®^^hen hypothesizes two models— 

on^ is^ng’rarelinlsTnrtJe'Ser u^ing coammreial telephone systems. 



♦Frequency Division 

O . . 

ERIC **Frequency Division 

— ^ Keying. 



Multiple Access/Frequency Modulation. 

Multiple Access/Pulse Code Modulation-Phase Shift 



25 



Assumptions. in both models th^t 

lL^rv:?a e “i^Snlls ."or the 

is based on projected cost fifl^^sjor |975 Ih" of T sate Hite 

are based on the ®^^rEr??3?46l Sith^an^annual cost of $375,000 per 
comparable to a lov/er bound of $0 per transponder, 

transponder. The author also thrconmercial satellites, 

corresponding to any J^Pj Lockheed Satellite Corporation for 

similar to that Jamison's 

the first five years in uheir diameter^ number of chan- 

study[45] also presents gj quality threshold extension for 

nels, system noise ?op both ouSound and return 

a transponder output of 7 dbw (5 «®«s for^DOcn^o 

link through the satellite and a sat lo-foot parabolic dish suitable 

Ground stations are contemplated having a 12 Joo^P^^Ycost in the 
for transmission at 6-GHz and reap^on at f f 

phone system «sts ds d function ““?“diiidual teminal 

for several values of ground station cost compan^ con- 

for two different populations (750 and l 2 bUj or c yn assump- 

"t?^"^tS^ o5TtS:S8S%n iip^aje.. 

tetweeJ the upper bound of $375,000 and a lower bound of 0. 

Jamison‘s[45] comparison |e?Xerto smallt isolated 

satellite transmission for Pi^^iding CAI/CM. services^re.sm^ unshared 

and poor rural areas which emotions inherent in liis model which 

basis. However, there are a f^ assmptions inre^^ availability of 

need further thinking. H’s 

two transponders on a domestic mul P P figure as rather 

estimate of $'50jM0 amually^^ ?ilinq[47] to the FCC for a domestic 

ratel^rte^'^sterenvifaSs'^aS traLo?;^ satellites for which 

AT&T will have to pay Vo^L'JL” nij S Si've sat^ li tes iT&T was 
the system was S“PPOsed.to Itete only two uct^^s^^ ^ $615,000 

supposed to pay $1.23 services of twc transponders, 

per transponder per year. To le-.se year exclusive of 

Sne would have to p^ at least $1^23 million ere made by 

earth station facilities unless sOTe ^ rnrnorationr43] plans to pro- 
AT&T. Though today SoS^ 

vide five free channels f»;;/J“«|’“"uter whrn’thS have picked up users 

^fr1hrfha^l^fpaTty 

fnte-dlpleM^l'but scarcrreloSrce of orbital slots and operational frequency, 



♦6-GHz transmission te a satellite L'|"Jy]^i*(ion*of"the''re^^ 

rtfti ?nSy o.t"t?^]'T«ctesi ve al locaW^^^^^^^ S^t^l^rth’^^nk « 

small antennas (<30 foot diameter). 
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In addition, one has t» ^eep In *i]t®^4utiv“y'lar^^^ 

envisage satellites ^ is liiidted by a CCIR 

antennae. The power Hux densi y ^gy,g„re to terrestrial 

recommendation so as to avoid 3:... ^and. Even if the MCI- 

microwave relay systems finallv materializes agrees to give 

Lockheed or any other for educational /instructional trans- 

a free ride or charge ’^duced rates f°^ducac 

missions through the satellite, the inv ^^-gyed with the existing 

be substantially larger u9^u suited to the educational/ 

technology by having a satellite whi^ is ^ 

instructional uses and In/teLu^ce could be 

pooled together, the author is of Jeeds, all funnelled through 

could be devised to meet . common terminal that would be 

a common satellite and receiy-d «ii ^ . operating in 4 and 6-GHz 

substantially cheaper than the f Like any 
shared bands with the optimal or minimum cost design 

other communication system design, the optima „d- terminals which 

would be the one which would qq if each school has a 

will eventually have large populations (~110,ouu 

roof-top terminal). 

The author does not think that n would be po,s1ble to 
borne transponders at a ^ J;?jons A cost figure in the 

Jamison for the purposes of transoonder seems to be reasonable 

range of $210,000-180,000 per f d|^ e!i r.p.) having 

for a relatively higher ^%^5 .GHz band and fourteen in 

12-GHz band) fd deploj^ble orient^ " However, one should remember 
mean time to failure (MTTF) of J^^ti^during the school hours 

that the transponders would be in !{ -gg ^ yga^) and perhaps 

(5 days a week, 6 hours a d^ and 1^-185 d^^ 

during evening hours for ® mass of users. In 
the hardware cost of the CAI system or a^^^ system is not being used, 
the late night hours and other time services. Unfortunately, 

transponders could be ^witched bac would be the same as other 

the peak hours, or the b^^sy hours for , the pricing would 

services and if ^he satellit nortion of the investment plus profits 

be done so as to ®>«tract ^5? here it would not be justifiable 

during the busy periods. Similarly, nere it ^ 

to price the H is^uted for 8 hours a day and five days 

days a week anu say that if ^hout 24% of the actual transponder 

la'!i;^a^?orwrlLfd‘’fu4t5 -su^ a cost Of $150,000 

per transponder per year for CAI use. 

For the kind of dedicated 

cost (antenna, Ptean^li^ej^’ ^ somewhere In the 

transmitter) be noted that the receive section of 

range of $1000-2m « te other services like ITV and 

rtfaHJ tea^n^^ coulj “l-^l^^^ta^cli.td^rSrtaln 

O lLme?aUts'4re;%orth"?irJS^^ of remote medical diagnosis. So. 
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(>20,000 units). 

Even with these numbers. ^^teUites would be ™ Vr“onnec”o““beS'‘ 
cial telephone plant as shown Figures 8a and 8b . ^ 600 miles 

the central computer facility and terminals Hi<;tances above 400 miles 

(air mileage) for 750 teletypewriter terminals and distan^^^^^ 

for a system having a terminal population i.f 1250 teletype termina 

Jamison's modelC^l is based “P®" S’use”! to™oHi«s 

arp used which have low input/output rate- If one pians to , « 

CRT or plasma panel '‘Isplay Jl|!J®,^!J®l|J]!J36its/sel^^ with a large 

(say.'‘i-40) s™lt ‘IpacUier co^?^1a1 

iirphoS^rerrrrsefrab^^^ 

would be much more pronounced miles and over'!' 

become efficient for interconnection lengths of 150-<-00 miles ana ove 

We nlan to aive a detailed look to the question of comparative costs when 

?’rL«rg11crldrc5r;on""Sll«^^^^ P’®" 

to give them a unified look. 

In another «™!:®Pdum «e wopJ<< ^J?’?'^s-clnadl®ex^rlTOntarsllte^ 

!! Hr: 2 S s 

Si pSr?ose^ “f'LSstratSl and^o check and improve the theoretical 
models of large-scale systems. 



*Thp CBI model that the author conceives as being more versatile and cost- 

author has S mind uses CRT or PJ“"«/®"®’ slsteS. dlvl- 

fol^*n"t7t Se^ilfve?:i?yTfirirnli?: S^is^r elM^lSSor's model. 




Ratio 
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Figure 7. Ratio of Commercial Phone to Sate llite System Costs 
fnr Jamison's Model {from Ref. 45) 




Brtoktvtn Annual Cost (Itiousonds of dollars ) 



29 




Figure 8d. Breakeven Annual Satellit e Cost for Jamison, 
(from Ref.4i>) 
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Annuol Cost ( Jhousonds of doSlors ) 
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Figure 8b. BreeHeven Annu al Satellite Cost, for Jamison's Mode 
(from Ref. 45) 
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Table 3 



COMMON COMMUNICATION LINES AND TRANSMISSION 
SPEEDS IN USE TODAY 



Speed 

(bits/second) 



Subvoice Level 45 
55 
75 
75 
150 
150 
180 

Voice Grade 0-300 
600 



0-1200 

1200 

1200 



Wi deband 



1400 



2000 

2400 



4800 



19,200 

40,800 

40,800 

105.000 

230 .000 

500 .000 



AT&T 



Western 

Union 



Half-Duplex or 
Full -Duplex 



1002 

1002 

1005 


Class A 
Class B 
Class C 
Telex 


FDX/HDX 

FDX/HDX 

FDX/HDX 

FDX/HDX 


1006 


FDX 


TWX-CE 


Class D 


FDX/HDX 


Data-Phone 




FDX 


Broadband 


FDX 




Exchange , 
Schedule 1 


HDX 

FDX/HDX 


Data-Phone 

3002 


Class G 


Broadband 


FDX 



Exchange , 
Schedule 2 

3002 Class E 

Plus Cl 
Conditioning 
Data-Phone 
3002 Class F 

Plus C2 
Conditioning 
3002 Class H 

Plus C4 
Condi tioning 



8803 

8801 



Data-Phone-50 
5700 
5700 
or 5800 
5800 



Wideband 

Channel 



Telpak C 
Telpak C 

Telpak D 



FDX/HDX 



HDX 

FDX/HDX 



FDX/HDX 



FDX 

FDX 

FDX 

FDX 

FDX 

FDX 



Leased 

or 

Switched 



L 

L 

L 

S 

L 

S 



S 

S 



S 

L 

S 



S 

L 



L 

L 

S 

L 

L 
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